distribution of U, Th, Pa, Ra, Rn, Po and Po isotopes in groundwater as well as in rock minerals and sorbed phases, (2) through modeling the extent of disequilibria the in-situ retardation factors of radionuclides and rock/water interaction time scales, and (3) the water residence time in the aquifer and the preferential flow paths. The study provides an improved characterization of preferential flow and contaminant transport in fractured rocks -information that pertains to risk and performance assessment and remediation action at INEEL and other contaminated DOE sites.
Research Progress at USC
The project is a collaborated research between the University of Southern California (USC) and the Los Alamos National Laboratory (LANL). Studies performed at USC include the measurement of U, Th, Ra, Rn, Pb, and Po radionuclides by decay-counting techniques and the modeling of the migration behaviors of these radionuclides.
We have developed an in-situ filtration-enrichment sampling system to obtain groundwater samples sufficiently large to allow measurement of the short-as well as long-lived nuclides of the U and Th decay chains. It was successfully deployed to collect groundwater samples of ~1000 liters from 23 wells from INEEL. Isotopes of uranium ( 238 U, 234 U), thorium ( 232 Th, 230 Th, 228 Th, 234 Th), radium ( 226 Ra, 228 Ra, 224 Ra), polonium ( 210 Po), and lead ( 210 Pb) were pre-concentrated in the field by passing ~1000 liters of groundwater through two cartridge filtration units (connected in series) containing MnO 2 -impregnated acrylic fiber adsorbers. Small-volume samples were collected for 222 Rn measurements by the radon emanation method using alpha-scintillation counting. Three field sampling trips were completed during the first two years of the project. We have accomplished most of the analyses on the groundwater samples (except for 210 Pb whose activities are determined through 210 Po ingrowth which requires about one year's time after separation of Pb from the samples), and have thus far obtained data on a range of wells from the site to allow the following summary of results.
The results show that groundwater activities of Th and Ra isotopes are 2-4 orders lower than those of their U progenitors which average 1.35±0.40 dpm 238 U/L, with 234 U/ 238 U ratios of ~1.6-3.0. 222 Rn activities range from 20 to 500 dpm/L. Modeling of the observed disequilibria places the following constraints on the time scale of radionuclide migration and water-rock interaction at INEEL: (1) Time for sorption is minutes for Ra and Th; time for desorption is days for Ra and years for Th; time for precipitation is days for Th, years for Ra, and centuries for U. (2) Retardation factors due to sorption average >10 6 for 232 Th, ~10 4 for 226 Ra, and ~10 3 for 238 U. (3) Dissolution rates of rocks are ~70 to 800 mg/L/y. (4) Ages of groundwater range from <10 to 100 years. Contours of groundwater age, as well as spatial patterns of radionuclide disequilibria, delineate two north-south preferential flow pathways and two stagnated locales. Relatively high rates of dissolution, precipitation, and α-recoil of 222 Rn occur near the groundwater recharging sites and in the major flow pathways. Decay of the sorbed parent radionuclides (e.g., 226 Ra and 228 Ra) on micro-fracture surfaces constitutes an important source of their daughter ( 222 Rn and 228 Th) activities in groundwater.
This study, by providing for the first time a comprehensive and quantitative assessment of the in-situ migration rates of radionuclides in the groundwater of a DOE site, shows that the naturallyoccurring decay-series isotopes in groundwater are uniquely suited for study of site-specific, longterm transport of nuclear wastes in the groundwater. The study reveals the importance of dissolution and precipitation in controlling the transport of radionuclides in groundwater which are difficult to ascertain through lab experiments. Recognizing the role of a sorbed pool of radionuclides in aquifer rocks by this study cautions us in the use of batch experiments to determine distribution coefficients of radionuclides, as many of the surface sorption sites on rocks are formed in nature over geological time scales.
